DNA analysis is becoming a standard investigation in an increasing number of mendelian disorders. The genetic state of family members and pregnancies at risk can be determined in many conditions, including the haemoglobinopathies, Duchenne muscular dystrophy, cystic fibrosis, and Huntington's chorea. The index case is generally diagnosed by means of conventional investigations, such as electrophoresis of haemoglobin in thalassaemia and muscle biopsy in Duchenne muscular dystrophy. DNA studies may clarify the diagnosis in disorders that are associated with specific mutations or gene deletions. The main impact of DNA analysis in clinical practice has been in detecting carriers of X linked recessive disorders, in presymptomatic diagnosis of autosomal dominant disorders, and in prenatal diagnosis of all categories of mendelian disorders. This chapter summarises the standard techniques of DNA analysis that are used in the clinical investigation of affected families. In several health authority regions and health boards throughout the United Kingdom molecular genetics laboratories are associated with departments of clinical genetics and provide DNA analysis as a service to families with particular genetic disorders.
DNA extraction DNA can be extracted from 10-20 ml whole blood.
Restriction enzymes
Preparing restriction enzyme digest reaction. DNA can be extracted by using standard techniques from any tissue containing nucleated cells, including blood and chorionic villus material. Once extracted, the DNA is stable and can be stored indefinitely so that samples from people with genetic disorders can be collected and saved for the future investigation of other family members. Storing samples has already benefited many families whose elderly or affected relatives were no longer living when DNA testing became possible, yet from whom samples were needed to interpret predictive tests. The DNA fragments produced by cutting genomic DNA with restriction enzymes can be ordered according to their size by electrophoresis in an agarose gel. The small fragments migrate faster down the gel than the larger ones, giving a track of DNA fragments of progressively diminishing size. The length of a particular fragment can be determined from the distance of its migration in the gel with reference to marker fragments of known size.
The DNA fragments in a gel are denatured into single strands and transferred by the technique of Southern blotting on to a nitrocellulose filter or nylon membrane. Fluid rising through the gel transfers the DNA on to the membrane, retaining the alignment of the fragments. Although conventionally performed with a reservoir of buffer solution, the procedure may also be performed without buffer as fluid absorbed directly from the gel by the paper towels is sufficient to permit transfer of the DNA. The DNA binds to the membrane, providing a stable array of DNA fragments that can be analysed by mixing with a DNA probe in a hybridisation reaction. Restniction fragment length polymorphisms (RFLPs) When a mutation causing a genetic disorder cannot be detected directly prediction of genetic state in a person may still be possible by identifying other genetic variations (polymorphisms) that can be tracked through the family. Variations in non-coding DNA sequences are extremely frequent throughout the genome, and when they affect restriction enzyme cleavage sites DNA-fragments of different sizes will result from restriction endonuclease digestion of the DNA. These variations are called restriction fragment length polymorphisms (RFLPs) and can be used as markers for genetic disorders if they occur in or near a gene of interest. Before prediction is possible a family must have DNA analysis performed to see if there is a variation in the size of fragments detected by an appropriate probe that gives an informative pattern in the family. The particular fragment associated with the disease gene must then be identified so that it can be looked for in the relative or pregnancy being tested.
When a DNA variation occurring within or very close to a gene is detected by a gene specific probe, prediction by analysis of RFLPs will usually determine the genetic state with near certainty, as in haemophilia A. Occasionally a gene is so large (as in Duchenne muscular dystrophy) that the disease mutation and a marker variation within the gene may be sufficiently far apart for reCombination to occur between the two sites at meiosis, and there will be a small error in predicting genetic state from RFLP analysis. In disorders such as Huntington's chorea and cystic fibrosis, in which the genes responsible have not yet been cloned, RFLP analysis makes use of DNA polymorphisms shown to be in close proximity to the disease gene by family studies. These markers are said to be linked to the disease gene if they cosegregate in affected families. The closer the DNA marker sequence is to the disease gene the less likely it is to segregate independently because of recombination and the greater the accuracy of predicting genetic state from the marker pattern. In practice markers which show less than 5% recombination with a disease gene are useful in detecting carriers and in prenatal diagnosis. As 1% recombination occurs between loci that are separated by around one million base pairs these markers may be up to five million bases away from the gene being studied.
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Rapid prenatal diagnosis in cystic fibrosis using polymerase chain reaction: fetus (/) has inherited same parental alleles as affected sibling, indicating that it is also affected.
New techniques of DNA analysis are continually being developed which have an appreciable impact on the clinical investigation of genetic disease. The polymerase chain reaction and pulsed field gel electrophoresis are two such examples.
In the polymerase chain reaction oligonucleotide primers corresponding to sequences at each end of a DNA region of interest are synthesised. With the primers this region can be amplified in a sample of genomic DNA-for example, chorionic villus DNA-by successive rounds of replication with DNA polymerase. The amplified segment produced by the polymerase chain reaction is then cut with the appropriate restriction enzyme, run in an agarose gel, and detected directly under ultraviolet light after staining with ethidium bromide. The technique permits rapid analysis of DNA, giving results within one to two days after sampling, compared with seven to 10 days by conventional analysis. This is particularly helpful when performing prenatal diagnosis.
Pulsed field gel electrophoresis permits the separation of large fragments of DNA. The technique is being used for long range mapping of the genome and facilitates identification of gene deletions causing genetic disorders. 
Homework
Having a portrait made is quite an undertaking in terms of both time and money so you must do adequate homework to ensure the smooth running of the venture. This begins well away from the artist's studio in your acquiring a grounding in portraiture. Visit a number of exhibitions in which portraits are included and take a historical overview at the National Portrait Gallery. Looking closely at historic and contemporary portraits helps an educated approach to your chosen artist and will also help you decide on the right format.
